Background {#Sec1}
==========

Epstein-Barr virus (EBV), a γ-human herpesvirus, is one of the most common pathogens, with seropositivity rates approaching 90% \[[@CR1], [@CR2]\]. Primary EBV infections primarily occur in childhood, manifesting as infectious mononucleosis with fever, angina, lymphadenectasis, hepatomegaly, and splenomegaly. After primary infections, EBV may latent in B cells \[[@CR3]\]. Reduplication of these latent viruses occur when immune function decreased or impaired.

Studies on EBV have focused on patients with neoplastic disease \[[@CR4]\] and post-transplant lymphoproliferative disorders after hematopoietic stem cell transplantation \[[@CR5]--[@CR7]\]. A limited number of studies have involved immunocompetent patients who were not severely immunocompromised \[[@CR8], [@CR9]\].

EBV is a non-eosinophilic virus, but it is also a pathogen that causes liver injury, and even liver failure \[[@CR8]--[@CR10]\]. Autoimmune liver diseases, including autoimmune hepatitis, primary biliary cirrhosis, and primary sclerosing cholangitis, have a potential causative link with EBV \[[@CR11]\]. Vine et al. \[[@CR12]\] reported that in patients presenting with jaundice/hepatitis, EBV hepatitis is an uncommon diagnosis and causes a self-limiting hepatitis. The diagnosis is suggested by the presence of a lymphocytosis and/or splenomegaly. The majority of patients do not have infectious mononucleosis. Ulug et al. \[[@CR13]\] have reported a case of acute hepatitis associated with acute EBV infection. Also, Gupta et al. \[[@CR14]\] have described two cases of acute hepatitis after EBV infection.

Liver cirrhosis is the final stage of chronic liver disease from any cause, and is associated with immune dysfunction, which is referred to as cirrhosis-associated immune dysfunction syndrome \[[@CR15]\]; however, the primary infection or an EBV infection is unknown in the case of mild immune dysfunction that occurs in patients with liver cirrhosis.

Ascites, spontaneous bacterial peritonitis (SBP), hepatic encephalopathy, gastrointestinal bleeding, hepatocellular carcinoma, and hepatorenal syndrome are the main complications of cirrhosis and the most common cause of death \[[@CR16]--[@CR22]\]. It is well-known that the Child-Pugh score \[[@CR16], [@CR23]\] and model for end-stage liver disease (MELD) score \[[@CR16], [@CR24]\] can be used to accurately assess liver function and prognoses of patients with liver cirrhosis. Other studies \[[@CR22], [@CR25]--[@CR27]\] have reported that hepatocellular carcinoma, hypoalbuminemia, bacterial infections, and secondary infections may predict a worse prognosis in liver cirrhosis; however, the above studies were based on univariate analyses. In addition, apart from the above risk factors, it is unclear whether or not EBV infection influences prognosis in patients with liver cirrhosis. In this study, we aim to retrospective analyze the EBV infection rate and the influence on liver function, and also analyze the risk factors for mortality in patients with liver cirrhosis.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

This study was performed in a retrospective manner. The databases of patients with liver cirrhosis admitted to the First Affiliated Hospital (College of Medicine, Zhejiang University) between 1 January 2014 and 31 December 2016 were reviewed. Patients who were or were not infected with EBV were enrolled in this study. The demographic, clinical characteristics, and some experimental results (liver function, coagulation function, and EBV deoxyribonucleic acid (DNA) level) and ultrasonic scanning results (mainly included liver size and spleen size) during hospitalization were reviewed by a trained team of physicians and entered into a computerized system in duplicate. We also collected patient mortality data (28-, 90-, and 180-day transplant-free mortality) by reviewing medical documents or telephone follow-ups. Mortality was assessed during the hospital stay and after hospital discharge.

Enrollment criteria {#Sec4}
-------------------

Patients who were diagnosed with liver cirrhosis and had EBV DNA assessed were selected.

The diagnosis of cirrhosis was based on the following, as previously described \[[@CR27], [@CR28]\]: liver biopsy; clinical evidence of decompensation or varices; radiological evidence of liver nodularity; and intra-abdominal variations in a patient with chronic liver disease.

Exclusion criteria {#Sec5}
------------------

Patients with the following criteria were excluded: (1) patients in whom the level of EBV DNA was not determined; (2) patients \< 18 years of age; (3) patients with acquired immune deficiency syndrome (AIDS); (4) patients with other types of tumors besides hepatocellular carcinoma; (5) a history of liver transplantation; (6) patients who require long-time corticosteroids treatments (prolonged use of corticosteroids at a mean minimum dose of 0.3 mg/kg/day of prednisone equivalent for \> 3 weeks) \[[@CR29]\]; (7) patients who require immunosuppressive therapy (mainly including recognized T cell immunosuppressants, such as cyclosporine, TNF-*α*blockers, specific monoclonal antibodies) \[[@CR29]\].

Definition {#Sec6}
----------

Bacterial infections were defined as follows \[[@CR27], [@CR28]\]: (1) pneumonia was defined as a new pulmonary infiltrate with fever, respiratory symptoms (cough, sputum production, dyspnea, and pleuritic pain), findings on auscultation (rales or crepitation), and/or a leukocyte count \> 10,000/mm3 or \< 4000/mm3; (2) spontaneous bacterial peritonitis was defined as ascitic fluid polymorphonuclear cells \> 250/μL with/without a positive fluid culture; (3) urinary tract infections were defined as urine white blood cell (WBC) \> 15/high power field with positive culture and symptoms of urinary irritation; (4) skin and soft tissue infections were defined as a fever and cellulitis associated with leukocytosis; and (5) undetermined infections were defined as bacterial infections, but without positive cultures or evidence of organ involvement.

EBV infection was referred to as EBV DNA detected in whole blood samples by a quantitative polymerase chain reaction assay.

Liver size referred to the measurement of the inferior oblique diameter of rib margin of right liver. Spleen size referred to the measurement of the thickness of spleen. Within liver was referred as inferior oblique diameter of rib margin of right liver\<10.0 cm and splenomegaly was referred as the thickness of spleen \> 4.0 cm, which were measured by ultrasonic scanning.

Quantitative polymerase chain reaction assay for EBV DNA {#Sec7}
--------------------------------------------------------

According to the manufacturer's instructions, EBV DNA was extracted from blood samples using DNA extraction kit (Daan Gene Co.Ltd., Zhongshan University, China). Quantitative polymerase chain reaction (PCR) was detected on a real-time PCR system (Stratagene MX3000P; Agilent Technologies, Santa Clara, CA, USA), just as our previous reported \[[@CR30]\].

Liver function, child-Pugh score, model for end-stage liver disease (MELD) score and acute-on-chronic liver failure (ACLF) {#Sec8}
--------------------------------------------------------------------------------------------------------------------------

Liver function, including albumin, the albumin-to-globulin ratio (A/G), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TB), direct bilirubin (DB), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (GGT), and cholinesterase (CHE), was reviewed.

The Child-Pugh score \[[@CR23]\] and MELD score \[[@CR24]\] are used to accurately assess liver function and prognosis of patients with liver cirrhosis. We calculated the Child-Pugh and MELD scores of the patients according to the collected data.

Diagnostic criteria and grading of ACLF based on the chronic liver failure-sequential organ failure assessment (CLIF-SOFA score) \[[@CR31]\]. And CLIF-C Score \[[@CR32]\] was also assessed.

Risk factors associated with 28-, 90-, and 180-day transplant-free mortalities in patients with EBV-IgG positive liver cirrhosis {#Sec9}
--------------------------------------------------------------------------------------------------------------------------------

In this study, the 28-, 90-, and 180-day mortality rates were determined from the first day of admission to the hospital to 28, 90, and 180 days.

According to previous studies on mortality risk factors for patients with liver cirrhosis \[[@CR16]--[@CR22], [@CR25], [@CR26]\], we analyzed the 28-, 90-, and 180-day mortality rates by univariate and multivariate logistic regression, including the Child-Pugh score, MELD score, ACLF, age, ascites, hepatic encephalopathy, gastrointestinal bleeding, hepatocellular carcinoma, hepatorenal syndrome, bacterial infection, hypoalbuminemia, EBV infection, international normalized ratio (INR), and serum creatinine (Scr).

Statistical analysis {#Sec10}
--------------------

Statistical analyses were performed using SPSS software. The results are expressed as the mean ± standard deviation (SD), and percentage. The means for continuous variables were compared using an independent group Student's t-test, for which the data were normally distributed; otherwise, the Mann-Whitney U test was used. Categorical variables were analyzed by the chi-square test or the Fisher's exact test. The risk factors for mortality were analyzed by univariate and multivariate logistic binary regression. All *p*-values were based on a two-tailed test of significance. Statistical significance was always defined as a p-value \< 0.05.

Results {#Sec11}
=======

Demographic, clinical characteristics, and EBV infection {#Sec12}
--------------------------------------------------------

We identified 3901 hospitalized patients who were diagnosed with liver cirrhosis from 1 January 2014 to 31 December 2016. 3794 patients were excluded because EBVDNA was not assessed, and 10 patients were exclued because of various reasons (Fig. [1](#Fig1){ref-type="fig"}). A total of 97 patients with EBVDNA assessed were enrolled (Fig. [1](#Fig1){ref-type="fig"}), of which 36 (37.1%) were EBV DNA-positive, with a mean of 9573.4 copies/mL. The patients consisted of 52 males and 45 females who had a mean age of 55.9 years; 43.3% of the patients were at least 60 years of age. Hepatitis B infection caused cirrhosis in 51.6% of the patients, 68% of patients had ascites, and 26.8% of patients had bacterial infections. 13.4% patients had ACLF, of which 3 patients (3.1%) were in grade 1, 9 patients (9.3%) were in grade 2, 1 patients (1.0%) were in grade 3. The livers were reduced and the spleens were enlarged in all patients in this study. The mean size of liver was 8.52 ± 0.791 cm, and the mean size of spleen was 4.87 ± 0.815; There was no significant difference in liver and spleen size between EBV infected and uninfected patients. The demographic and clinical characteristics of the participants are presented in Table [1](#Tab1){ref-type="table"}.Fig. 1Flow chart of patient selection in this studyTable 1Characteristics of patients with cirrhosisVariableValuePatients97Sex (M/F)52/45 (53.6%/46.4%)Age (mean ± standard deviation, years)55.9 ± 12.32 \<60 yr55(56.7%)  ≥ 60 yr42(43.3%)Cause of liver cirrhosis Hepatitis B virus infection50(51.6%) Hepatitis C virus infection1(1.0%) Alcoholism10(10.3%) Primary biliary cirrhosis12(12.4%) Autoimmune hepatitis6(6.2%) Wilson's Disease1(1.0%) Hepatolith1(1.0%) Schistosomiasis Cirrhosis2(2.1%) Cryptogenic Cirrhosis14(14.4%)Underling Conditions Hypertension18(18.6%) Diabetes Mellitus18(18.6%) Coronary Atherosclerotic Heart Disease3(3.1%) Chronic Bronchitis and Emphysema Pulmonum2(2.1%) Chronic kidney disease2(2.1%)Complications of liver cirrhosis Ascites66 (68.0%) Hepatic encephalopathy21 (21.6%) Hepatocellular carcinoma7 (7.2%) Hepatorenal syndrome7 (7.2%) Gastrointestinal bleeding8 (8.2%) Bacterial infection30 (30.9%) Pneumonia22 (22.7%) SBP1 (1.0%) Pneumonia and SBP2 (2.1%) Urinary tract infection1 (1.0%) Skin and soft tissue infection1 (1.0%) Undetermined infection3 (3.1%) ACLF13 (13.4%)  ACLF grade 13 (3.1%)  ACLF grade 29 (9.3%)  ACLF grade 31(1.0%)Transplant-free mortality 28-days mortality20 (20.6%) 90-days mortality24 (24.7%) 180-days mortality29 (29.9%)*SBP* spontaneous bacterial peritonitis

Liver function, child-Pugh score, MELD score and ACLF {#Sec13}
-----------------------------------------------------

All indices of liver function, including ALT, AST, TB, DB, CHE, ALP, and GGT, did not differ significantly (*P* \> 0.05) between EBV-infected and -non-infected patients; however, the albumin level was lower in EBV-infected patients (30.92 ± weve1 g/L) than non-infected patients (33.65 ± 5.199 g/L); this difference was statistically significant (*P* = 0.019). Also, the difference in A/G was statistically significant (*P* = 0.013); specifically, EBV-infected patients had a lower A/G (1.05 ± 0.366) than non-infected patients (1.27 ± 0.432). For the EBV-infected and -non-infected patients, the Child-Pugh scores were 9.83 ± 2.864 and 8.64 ± 2.470, respectively; EBV-infected patients had higher Child-Pugh scores (*P* = 0.033). Nevertheless, the MELD scores of the two groups were also not significantly different (P \> 0.05). (Table [2](#Tab2){ref-type="table"}).Table 2Liver function, Child-Pugh score, and MELD score between EBV infected and un-infected patientsEBV infected (*n* = 36)EBV un-infected (*n* = 61)PSex(male)18 (50%)34 (55.7%)0.584Age (years)59.69 ± 12.54053.69 ± 11.7250.020  ≥ 60 yr22 (61.1%)20 (32.8%)0.007Complications of liver cirrhosis Ascites26 (72.2%)40 (65.6%)0.498 Hepatic encephalopathy8 (22.2%)13 (21.3%)0.916 Hepatocellular carcinoma2 (5.6%)5 (8.2%)\> 0.99 Bacterial infection15 (41.7%)15 (24.6%)0.079 Gastrointestinal bleeding3 (8.3%)5 (8.2%)\> 0.99 Hepatorenal syndrome2 (5.6%)5 (8.2%)\> 0.99Transplant-free mortality 28-days mortality9 (25.0%)11 (18.0%)0.413 90-days mortality10 (27.8%)14 (23.0%)0.595 180-days mortality13 (36.1%)16 (26.2%)0.304Liver function ALT (U/L)103.00 ± 146.315161.25 ± 279.7980.182 AST (U/L)110.75 ± 104.110138.39 ± 174.4360.331 Albumin (g/L)30.92 ± 5.86133.65 ± 5.1990.019 A/G1.05 ± 0.3661.266 ± 0.4320.013 TB (uoml/L)173.94 ± 160.474163.85 ± 172.9670.776 DB (umol/L)117.03 ± 111.236110.97 ± 122.2890.808 CHE(U/L)2914.58 ± 1654.6273638.16 ± 1859.9680.057 ALP(U/L)149.61 ± 141.881135.52 ± 66.4670.509 GGT (U/L)111.19 ± 154.451126.75 ± 164.0610.646 Liver size8.58 ± 0.8268.49 ± 0.7740.612 Spleen size4.78 ± 1.3694.47 ± 1.4540.299 Child-pugh Score9.83 ± 2.8648.64 ± 2.4700.033 Meld Score18.33 ± 22.69312.50 ± 9.9950.084 ACLF8 (22.2%)5 (8.2%)0.050 ACLF grade 12 (5.6%)1 (1.6%)0.553 ACLF grade 26 (16.7)3 (4.9%)0.073 ACLF grade 30 (0.0%)1 (1.6%)\> 0.99*ALT* alanine aminotransferase, *AST* aspartate aminotransferase, *A/G* Albumin/Globulin, *TB* total bilirubin, *DB* direct bilirubin, *GGT* γ-glutamyl transpeptadase, *CHE* cholinesterase, *ALP* alkaline phosphatase, *Meld score* model for end-stage liver disease score, *ACLF* acute-on-chronic liver failure

There were 8 patients had ACLF in patients with EBV infected, including 2 patients with grade 1 and 6 patients with grade 2. There were 5 patients had ACLF in patients with EBV un-infected, including 1 patients with grade 1, 3 patients with grade 2 and 1 patients with grade 3. patients with EBV infected had higher rate of ACLF. Compared to patients with EBV un-infected, patients with EBV infected had more higher ACLF rate (*P* = 0.050). However, there were no significant difference in ACLF grade between these two groups. (Table [2](#Tab2){ref-type="table"}).

CLIF-C Score was also calculated for these 13 patients with ACLF, the mean score was 11.46 ± 1.050. And the mean score for EBV infected (8 patients) and un-infected patients (5 patients) were 11.50 ± 0.756 and 11.40 ± 1.517. there were no significant difference between the two groups (*P* = 0.896).

Risk factors associated with 28-, 90-, and 180-day transplant-free mortalities in liver cirrhosis patients {#Sec14}
----------------------------------------------------------------------------------------------------------

In this study, we found that 20 (20.6%), 24 (24.7%), and 29 (29.9%) patients died within 28, 90, and 180 days, respectively.

Univariate and multivariate logistic regression were used to assess the factors studied and the possible relationships to mortality. For 28- and 90-day transplant-free mortality in univariate analysis, age, ascites, gastrointestinal bleeding, hepatocellular carcinoma, hepatorenal syndrome, bacterial infection, EBV infection, and serum creatinine (Scr) were shown not to be risk factors; however, the Child-Pugh score, MELD score, ACLF, hepatic encephalopathy, hypoalbuminemia, and INR were shown to be risk factors. Of note, we found that the Child-Pugh score and ACLF were the risk factors by multivariate logistic regression. Based on univariate analysis, the Child-Pugh score, MELD score, ACLF, hepatic encephalopathy, hypoalbuminemia, INR, ascites, and hepatocellular carcinoma were shown to be risk factors for 180-day transplant-free mortality; however, we also found that the Child-Pugh score and ACLF were the risk factors by multivariate logistic regression. (Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}).Table 3Univariate and multivariate logistic regression analysis of risk factor associated with 28-days transplant-free mortalityVariableUnivariateMultivariateOR95% CIPOR95% CIPChild-Pugh score1.6681.286--2.1640.00029.5534.783--182.605\< 0.001Meld score1.0571.003--1.1150.038ACLF45.8338.735--240.500\< 0.0011.4991.126--1.9950.006Hypoalbuminemia11.4791.419--90.3390.020Hepatic encephalopathy3.2821.120--9.6170.030INR7.2492.257--23.2820.001*ACLF* acute-on-chronic liver failure, *INR* international normalized ratioTable 4Univariate and multivariate logistic regression analysis of risk factor associated with 90-days transplant-free mortalityVariableUnivariateMultivariateOR95% CIPOR95% CIPChild-Pugh score1.6061.270--2.0290.00018.4103.162--107.1980.001Meld score1.0521.002--1.1040.040ACLF30.0385.953--151.560\< 0.0011.4601.140--1.8710.003Hypoalbuminemia6.8441.493--31.3720.013Hepatic encephalopathy5.3311.877--15.1420.002INR6.7052.179--20.6380.001*ACLF* acute-on-chronic liver failure, *INR* international normalized ratioTable 5Univariate and multivariate logistic regression analysis of risk factor associated with 180-days transplant-free mortalityVariableUnivariateMultivariateOR95% CIPOR95% CIPChild-Pugh score1.7331.362--2.2050.0001.5511.212--1.983\< 0.001Meld score1.0521.005--1.1010.030ACLF20.1674.095--99.312\< 0.00114.6312.375--90.1320.004Hypoalbuminemia5.7071.571--20.7340.008Hepatic encephalopathy4.6271.671--12.8190.003Ascites4.1161.288--13.1540.017Hepatocellular carcinoma6.8751.250--37.8250.027INR8.2712.587--26.4470.000*ACLF* acute-on-chronic liver failure, *INR* international normalized ratio

Discussion {#Sec15}
==========

EBV is an opportunistic infectious virus that is tumorigenic. Indeed, most research has focused on opportunistic infection after transplantation or neoplasia \[[@CR4]--[@CR7]\]; however, there are no reports involving EBV infections in patients with liver cirrhosis. EBV seropositive rates are as high as 90% \[[@CR1], [@CR2]\]. Herein we report that EBV infections in patients with liver cirrhosis reached 37.1%, which is slightly lower than the post-transplantation infection rate \[[@CR5]\].

Primary infections with EBV usually occurs during the first few years of life and is often asymptomatic. It is reported that 75% of young adults have typical infectious mononucleosis after primary EBV infections \[[@CR33], [@CR34]\]. After primary infections, EBV may latent in B cells. Reduplication of these latent viruses occur when immune function decreased.

By reviewing the medical records and laboratory data, we found that 68 patients had EB viral capsid antigen (EB-VCA) IgG, all of whom were EB-VCA IgG-positive. Although 29 patients did not have EB-VCA IgG, 100% of the patients with detectable EB-VCA IgG were seropositive. Primary EBV infections mostly occur in childhood. Thus, in this study, it is likely that EBV infection was a reactivation rather than a primary infections. Here 36 patients were EBV reactivation with lower level of reduplication (9573.4 copies/mL mean). And there was no obvious clinical symptoms. And there was no difference in liver and spleen size between EBV infected and uninfected patients. Vine et al. \[[@CR12]\] reported that EBV hepatitis is an uncommon diagnosis and causes a self-limiting hepatitis. The majority of patients do not have infectious mononucleosis.

The EBV-infected patients were older than the non-infected patients. A greater number of EBV-infected patients were \> 60 years of age. Thus, age was a risk factor for EBV infection, especially in patients \> 60 years of age. This is similar to previous reports \[[@CR12]\]. Vine et al. \[[@CR12]\] reported that compared with infectious mononucleosis, EBV hepatitis affects an older age group, with nearly half of patients being aged more than 60 years.

There were no differences with respect to complications of liver cirrhosis between EBV-infected and -non-infected patients, including ascites, hepatic encephalopathy, gastrointestinal bleeding, hepatorenal syndrome, infections, and hepatocellular carcinoma. The 28-, 90-, and 180-day transplant-free mortality rates also did not differ between EBV-infected and -non-infected patients. Thus, EBV infection may not influence the occurrence of complications in patients with liver cirrhosis and may not affect short-term mortality.

EBV is a non-eosinophilic virus, that is also a pathogen that causes liver injury, and even liver failure \[[@CR8]--[@CR10]\]. In this study, we found that patients with EBV infected had more higher ACLF rate (*P* = 0.050). However, there was no significant difference in ACLF grade and CLIF-C Score between these two groups. So, patients with EBV infected may had higher ACLF rate.

We compared the liver function between EBV-infected and -non-infected patients, and found that the level of albumin and the A/G were lower in EBV-infected patients, and in those patients the phenomena of enzyme bilirubin separation was more apparent. The Child-Pugh and MELD scores could better assess liver function. In this study, we found that EBV-infected patients had higher Child-Pugh scores. Thus, EBV infection may aggravate liver damage. Although EBV has not been clearly shown in hepatocytes, increased levels of EBV DNA encoding transcripts have been found in lymphocytes infiltrating the liver and inducing inflammation and chronic hepatitis \[[@CR35]\].

In this study, we found that hepatic encephalopathy, hypoalbuminemia, the level of INR, the Child-Pugh score, the MELD score and ACLF were risk factors for 28- and 90-day mortality rates. Ascites, hepatocellular carcinoma, hepatic encephalopathy, hypoalbuminemia, the INR, Child-Pugh score, MELD score, and ACLF were risk factors for the 180-day mortality rate, which is in agreement with previous reports \[[@CR16], [@CR25]\]; however, when the above risk factors were analyzed by multivariate analysis, the Child-Pugh score and ACLF were the risk factors for the 28-, 90-, and 180-day mortality rates.

We did not show that EBV infection directly affected prognoses; however, EBV-infected patients had higher Child-Pugh scores and ACLF, and the Child-Pugh score and ACLF were the risk factors for short-time mortality. Thus, EBV infection might indirectly influence the short-term prognosis.

This work was limited by a number of factors. First, the study consisted of only 97 patients. Second, a slight bias was present in retrospective studies. Above two limited factors will result a certain statistical bias. Third, only 68 patients had detectable EB-VCA IgG. Although all of the detected patients were EB-VCA IgG-positive, it was still impossible to distinguish between primary infections and reactivation in all patients. Forth, There are few or very week direct evidence of EBV and prognosis of liver cirrhosis. Fifth, patients with EBV-infected in this study did not undergo liver biopsy. We could not analyze the histological changes of patients with EBV-infected. Sixth, we can not showing survival curves for the Child-Pugh score (and for other risk factors), because the exact time of death for many patients is unknown. We only know whether they died in 28 days, 90 days or 180 days. To address these drawbacks, we should expand our sample and perform a prospective study in the future.

Conclusion {#Sec16}
==========

This study revealed that liver cirrhosis patients had higher EBV infection rates, especially patients \> 60 years of age, which likely represented reactivation. EBV-infected patients might have had aggravation of liver damage. EBV infection indirectly influenced the prognoses by increasing the Child-Pugh score and ACLF rate.

A/G

:   the albumin-to-globulin ratio

ACLF

:   acute-on-chronic liver failure

AIDS

:   acquired immune deficiency syndrome

ALP

:   alkaline phosphatase

ALT

:   alanine aminotransferase

AST

:   aspartate aminotransferase

CHE

:   cholinesterase

DB

:   direct bilirubin

DNA

:   deoxyribonucleic acid

EBV

:   Epstein-Barr virus

EB-VCA

:   EB viral capsid antigen

GGT

:   γ-glutamyl transpeptidase

INR

:   international normalized ratio

MELD

:   model for end-stage liver disease

PCR

:   polymerase chain reaction

SBP

:   spontaneous bacterial peritonitis

Scr

:   serum creatinine

SD

:   standard deviation

TB

:   total bilirubin

WBC

:   white blood cell

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Jianhua Hu and Xiaoli Zhang contributed equally to this work.

We thank International Science Editing (<http://www.internationalscienceediting.com>) for editing this manuscript.

Study design: JH, YY; Patients provision: DX, JL, LY; Data collection: XZ, GY, HC, JG, MH; Data analysis: JH, YZ, HJ; Paper writing: JH, XZ. The authors have read and approve of the final version.

This work was supported by the national Science and Technology Major Project (2017ZX10202202--003-004). JH Hu was the project manager. She was mainly responsible for the study design, data analying and paper writing. The funding body did not participate in the design of the study and collection, analysis, and interpretation of data and in writing the manuscript.Availability of data and materials

The data that support the findings of this study are available from the First Affiliated Hospital, College of Medicine, Zhejiang University upon ethics committee approval and approval by the medical ethics committee of the First Affiliated Hospital, College of Medicine, Zhejiang University, which conformed to the ethical guidelines of the Helsinki Declaration.

This study was approved by the Research Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University, which conformed to the ethical guidelines of the Helsinki Declaration (Reference Number 2016 (513)). Written consent was obtained from the subjects.

All data published here are under the consent for publication.

The authors declare that they have no competing interests.
